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This report represents a summary of the achievements on Grant KSG-1613 between 
The Ohio State University and the National Aeronautics and Space Administration 
ftom Hay 1, 1987 to April 30, 1988. The major topics associated with this study 
are as follows: 

1. Electromagnetic scattering analysis 

2. Indoor scattering measurement systems 

3. RCS control 

4. Wave fora processing techniques 

5. Material scattering and design studies 

6. Design and evaluation of standard targets, and 

7. Antenna studies. 

Major progress has been made in each of these areas as verified by the numerous 
publications. 
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The ElectroScience Laboratory has been conducting a general study 
of evaluating scattered fields. The ultimate goal of this research has 
been to generate experimental techniques and coaputer codes of rather 
general capability that vould enable the Aerospace Industry to evaluate 
the scattering properties of aerodynaaic shapes. Another goal involves 
developing a sufficient understanding of scattering Mechanises so that 
Modification of the vehicular structure could be introduced vithin 
constraints set by aerodynaaicists. Last but not least, a Major goal 
has been the development of indoor scattering measurement systems with 
special attention given to the compact range. There has been very 
substantial progress under Grant NSG 1613 in advancing the state-of- 
the-art of scattering measurements, control and analysis of the 
electromagnetic scattering from general targets. 

B. PAST ACHIEVEMENTS 

1. Electromagnetic Scattering Analysis 

After a careful reviev of the analytic techniques available for 
handling the scattering from complex targets such as missiles and 
aircraft, it vas very apparent that additional tools vere needed. In 
order to confirm this evaluation, various targets vere analyzed and 
measured to illustrate the magnitude of the problem. It appeared that 
presently available codes and solutions, although very inefficient in 
most cases, could be used for most basic shapes. However, as one 
attempted to shape the target, nev mechanisms vere needed to be added to 
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complete the solution but in many cases were not available. Thus, a 
major effort of this research vas to solve these problems. 

a* UED Extensions for Scattering 

The general concepts of the basic CTD and scattering analysis have 
been extended through the advent of the UTD and its extensions vhich are 
useful for solving a such broader class of problems. First, the 
equivalent current concept has been extended by introducing a creeping 
vave path from the shadov boundary to the diffracting edge. This has 
been used to obtain such better agreement vith experimental data for lov 
level scattering analysis of cones at non-normal incidence. This is 
quite iaportant for lov scattering missile shapes. 

Next, the concept of comer diffraction vas developed. This has 
been used to analytically obtain the scattering of certain shapes for 
vhich rather high experimental scattering values have been reported 
elsevhere. This is iaportant in teras of scattering analysis of fins 
and vings and their control. This vill be discussed in the control 
section later. 

Ve have aade a series of measurements for several generations of 
aissile shapes provided by NASA and have obtained excellent agreement 
between theoretical and experinentai results. Experimental patterns 
have been repeated after various features (such as fins and the RAM-JET 
engines) were added. 

b. Flat Plate Scattering 

One of the dominant scatterers on cissiles and aircraft takes the 
form of fins, wings, stabilizers, etc., that can be represented as flat 
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plates. It has been shown by experiments that the scattering can be 
controlled by shaping such structures. Since there are exaaples in the 
literature of unexplained high scattering froa such structures, it 
becomes iaportant to study such structures quite carefully. A 
dissertation entitled "UTD Analysis of Electroaagnetic Scattering by 
Flat Plate Structures" by F. Sikta (1) has been coapleted on this 
subject. It aakes use of the corner diffraction coefficient, the 
equivalent currents and a novel edge wave analysis based on comer 
diffraction to treat a variety of plate structures. This Includes the 
development of a solution which predicts the non-principal plane 
scattered field. This has not been considered by any realistic approach 
in the past. This analysis not only predicts scattering from such 
plates, but it should be useful to the designer in two ways: 1) in 

fixing the shape of the fin, and 2) in establishing the parameters and 
position of absorber required to reduce the scattered fields. 

c. Physical Optics Correction 

The physical optics (PO) solution has been known for many years to 
be an approximate solution. In fact, the physical theory of diffraction 
(FTD) is an addition to PO which makes it more correct in terms of 
scattering froa edge structures. The PTD has become accepted as a major 
analysis tool for scattering calculations in that it can be easily 
implemented. Nevertheless, both PO and PTD are still approximate 
results and as such have potential errors. One error is associated with 
the current abruptly stepping at the shadow boundary on a curved 
surface. This error has been examined and found to be quite serious for 
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lov observable targets. Thus, a general approach to solve such problems 
has been developed and published (2]« 

d. Lov Frequency Scattering Code 

Over the last fev years the Elec troeagne tic Surface Patch (ESP) 
code has been delivered to and used by many engineers in industry, 
government and universities. These users had suggestions vhich were 
Incorporated into the code. The number of changes became large enough 
that ve felt that a revised version of the code and user's manual vas 
warranted, and the revised code (ESP Version III) and user's manual [3] 
are now ready for distribution. 

e. Bistatic Scattering from a Cone Frustum 

Bistatic scattering has become of interest recently in that the 
scattering level is difficult to control for all bistatlc angles. Vlth 
this in mind, a research effort has been completed to study the bistatlc 
scattering from conical shapes, the cone frustum being the target of 
interest as described in Reference [4J. 

f. External Scattering from Jet Intakes 

The external scattering from the Jet intake region for many missile 
geometries involves tvo major mechanisms; first, the direct scatter from 
the jel intake rim, and second the multiple scatter from the surface 
(using geometrical optics) to the rim. The ogive shape has again been 
used as a base and a circular jet intake ria has been mounted on the 
surface. Results show excellent agreement between measured and coaputed 
RCS for this case. This work is discussed in detail in a Ph.D. 
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dissertation by Volakis [5]. It is observed that many of these tools 
are also useful for the analysis of the scattering froe externally 
counted stores. 

g. Reflection fro* Edge Like Structures 

A study of the reflection froe 2-0 geometries that resemble ving 
profiles vas undertaken since agreement between theory and experiment 
revealed that the theory generally predicted a value in the side lobe 
region that vas lov compared to measurement* This study vas designed to 
evaluate the scattering as a function of frequency from the lov 
frequency region where the leading edge could be represented as a half 
plane to higher frequencies vhere the reflection from the leading edge 
could be predicted via geometrical optics. This transition region study 
failed to give the expected increase in the scattered field, because the 
missing term vas associated with the edge vaves discussed in a previous 
section. A dissertation by Dominek (6] has been completed giving this 
and other results to be discussed in the next few paragraphs. 

This study used as canonical targets: 1) circular cylinders, 2) 

parabolic cylinders, and 3) elliptical cylinders. The data for the 
first and last target (1 and 3) vas corrupted by the presence of a 
creeping wave which had to be separated from the specular scatter via 
transient or tine domain techniques. The second case (2) provided an 
exact solution for the specular scatter mechanism from the parabolic 
cylinder. 

A model for the specular scatter vas developed by Dominek that 
included not on./ the radius of curvature at the specular point but also 
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the distance to the shadow boundary* This model provides a reasonable 
Mans of treating the transition region Mnt lotted above* 

This thorough study has shovn that the scattering from the leading 
edge of the ving profile vas definitely not the source of the 
discrepancy between theory and experiment for complex targets* This has 
since been clearly demonstrated to be due to edge waves. 

2. BCS Computer Codes 

Ve proposed at the onset of this effort to develop a general 
purpose RCS computer code} however, the low observable security 
guidelines did not permit us to do so. Thus, ve had to abandon this 
area until recently* The security guidelines have been modified during 
1985 which allows us to develop such codes but not operate then for 
classified targets. 

a* Aerodynamic/EH Interface 

Careful examination of the various existing computer programs to 
represent body shape have been disappointing to a certain extent. The 
PANAIR program did not appear to be adequate, Rockwell's CDS system is 
company propietary and at one time ve vere approached by a Northrop 
Engineer who had suggested their coaputer program for target shape may 
be available; hovever, this did not occur. On the other hand, as stated 
earlier, NASA engineers had been examining their need and focusing their 
attention on the development of a suitable coaputer program to describe 
a general target shape* There vere many discussions between NASA and 
OSU personnel to accurately pinpoint the needed parameters. 
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V« ha vm undar taken a joint effort vith NASA (Langley* Virginia) to 
develop a general analysis for the scattering properties of complex 
aerodynamic shapes. Ray Barger [7] vith the NASA aerodynamics group is 
basically putting the code together around their nev aerodynamic 
geometry package. This geometry package is very significant in that it 
is designed to accommodate both the aerodynamic and electromagnetic 
features necessary for an accurate and efficient analysis. Our 
attention has been focused on the study of the limitation it may possess 
particularly in the region of forvard scatter. This is essential vhen 
multiple scattering/diffraction occurs. This study has made use of an 
ogive although it is not restricted to this shape. 

b. flat Plate Scattering Code 

In terms of shaping, it has been established that flat plate 
scattering is caused by various discontinuities such as an edge, corner, 
etc. If one curves the plate, some of the corners are now replaced by 
discontinuities in the radius of curvature. A study of these mechanisms 
is nov complete. It makes use of the concepts of the UTD as applied to 
this nev geometry. A dissertation on this topic by Chu [8) considers 
additional thin plate discontinuities and extends the analysis to treat 
the diffraction from a smooth junction formed by tvo curved edges vith 
different radii of curvature. A general computer program has been 
developed and delivered to NASA for such plates. Chu also considers the 
smooth junction formed by surfaces of different radii of curvature and 
has also developed diffraction coefficients for this type of 
discontinuity. 
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e. Scattering Analysis and Codas 

The scattering analyses/codes have been extended in tvo general 
vays. First, the electroaagnetic scattering techniques discussed by 
Volakis have been aade such aore general by using the geoaetry codes 
developed by Barger of NASA. In a Master's thesis, Caspbell [9] has 
evaluated the scattered fields froa obstacles placed on surfaces 
described by Barger's geoaetry code. 

A nev technique, designated as an envelope analysis, has been 
developed that should prove very useful to aerodynaaicists in that it 
allows thea to quickly estiaate the scattered fields froa a shape under 
consideration. A thesis by Fistorius (10] has been coapleted shoving a 
nuaber of exanples, and this effort is continuing. 

d. Low Frequency Scattering Code 

A aoaent aethod code has been developed by Kevaan [11] and 
delivered to NASA which treats general shapes that are not larger than 
ten square vavelengths. This code uses flat plate segments to simulate 
the structure. It is useful in treating objects whose overall length is 
not aore than a few wavelengths. For a missile, it could be useful up 
to about 100 MHz; vhereas for a fighter aircraft, it could be used to 
about 20 MHz. It has been verified by measureaents taken in our compact 
range. 


3. Indoor Scattering Measurement Systeas 

It was very apparent at the onset of this grant that state-of-the- 
art measurements were needed in order to verify our theoretical 
solutions as well as identify new mechanisms. As a result, various 
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indoor measurement facilities were evaluated to see their advantages and 
disadvantages. The coapact range vas aost useful because it could 
handle large targets at high frequencies. Even though compact ranges 
vere available in the early 1980's, they did not provide the 
perforaance needed for our sensitive aeasureaents. 

nevertheless, our analysis shoved that the various features 
liaiting the coapact range could be iaproved. Thus, a aajor effort vith 
NASA to develop such systeas vas initiated. This required us to develop 
nev feeds, reflectors, aeasureaent hardware and target counts. Thir, in 
conjunction vith the iaproved coapact range reflector, vill make the 
facilities at NASA and OSU the best scattering ranges in the world. In 
this regard, ve visited the aajor facilities in Great Britain a fev 
years ago in order to evaluate our system versus theirs, and ve can 
report that they had no coaparable facilities. 

a. Measurement Hardware 

Originally, a standard CV nulling system vas used for our 
measurements. This type of system is not very appropriate for compact 
range applications in that the horn-horn and horn-reflector-horn clutter 
terns are much larger than the target return. Two system ve~e proposed 
to solve this problem: 1) a pulsed/CV radar, and 2) a linear FM system. 

It vas decided that OSU would evaluate the pulsed/CV syste * and NASA the 
linear FM one. As a result of our effort, a 6-18 GHz pulsed radar [12] 
vas designed, constructed and evaluated. It very successfully 
eliminated the horn-horn and horn-reflector-horn clutter terms. In 
addition, it uses off-the-shelf cosponents and is capable of measuring 
an 6 foot target. 
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More recently* our effort has concentrated on the development of 
pulaed/CV radar system for coepact range applications. Our 2*18 GHz 
systen has been designed, constructed, and tested and found to be very 
reliable, efficient, and accurate* It is distinct from our previous 
systen because the receive line switches have been moved from the RF 
side of the receive nixer to the IP side* This allows us to reduce the 
amount of RF hardware and still aaintain excellent performance* Our 
sensitivity has improved by about 10 dB; in additioo, our 5 ns wide 
receive pulse has allowed us to remove more room clutter vhich makes the 
systen more stable. Vith our present room arrangement, our background 
after computer subtraction is about 70 dB below a square meter. Vith 
processing this can be improved by at least another 20 dB. 

A prototype Ka-bandpulsed/CV radar using Ka-band components has 
been designed vhich is useful for frequencies between 30 and 35 GHz. 
After analyzing this system, it was found that it can be improved by 
using a minimum of Ka-band components [14 J . Using this approach the 
transmit pulse is generated using our 2-18 transmit box vhich is then 
sent to a frequency doubler to generate the Ka-band signal. The receive 
signal goes directly to a mixer vhich converts the Ka-band return to an 
IF frequency. The receive svitches are then added to the IP receive 
system. Using this approach one can measure an 8 foot target with better 
than a 60 dB below a square meter noise level. 

b. Target Mounts 

A complete low cross-section target pedestal was designed and built 
at 0SU and delivered to NASA. In addition, a complete system controller 
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vas developed, delivered, and evaluated at NASA by OSU personnel. This 
complete system is a duplicate of the one presently operating at OSU. 

In order to measure conical patterns, a nev target mount extension 
has been designed vhich vill be attached directly to the target. It 
vill be able to hold several hundred pounds and handle a hundred foot* 
pounds of torque at various elevation angles (0*, 10 s , 20 s , 30 s , and 
40 s ). Using this mount, NASA vill be able to obtain conical patterns 
about the rotated axis. 

The studies of absorber scattering have been useful in target mount 
designs. A target mount extension (designed at ESL) for the ogival 
pedestal, vhich directly attaches to the target, required treatment to 
reduce the mount scattering. A shroud vas built to fulfill the need. 

The shroud consisted of commercially available layered absorber panel 
that vas properly cut to fore a vedge transition between the mount and 
free space. 

Another mounting scheme has also been finalized. This entails the 
positioning and mounting of targets that require rigid metal mounts for 
stability. The mount concept is universal in the sense that the same 
hardvare can be used for a variety of targets without having to have a 
unique mount for each target. 

As shown by Lai [15J, the metal ogive pedestal has too large a 
backscatter at lover frequencies. In addition, its bistatic scattering 
is not insignificant especially for scattering centers located off of 
the pedestal. To reduce the RCS of the pedestal, a treatment study vas 
initiated; hovevei to reduce the bistatic scattering, one must consider 
other mounting techniques such as straps hung from the chamber ceiling. 
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e. Compact Kang* Btflcctor Omlofacat 

Moat of our effort has b««n devoted to the iaproveaent of the 
coapact range facilities at both NASA and 0S0. The OSU designed edges 
have been installed on the NASA reflector, and field probing has 
indicated that these edges are performing as desired. A second set of 
curved surfaces constructed by NASA have also been placed on OSU's 
reflector. The results of this effort have been reported in Reference 
(16). Even greater benefits are to be obtained in the future in that a 
blended surface has been designed (17] that vill sake it practical to 
operate the conpact range reflector at lover frequencies and for even 
larger targets. 

These nodified cospact range reflector systems have attracted 
favorable nationvide attention fron both governaent and Industry. In 
particular, it has attracted the attention of several industrial 
organizations vfeo are installing such a systea as veil as the 
aanufscturer of the original reflector. For exaaple, Sclentific-Atlanta 
has redesigned their reflector and contributed a larger version of said 
reflector to OSU. 

In order to properly feed the new blended surface reflector, a 
subreflector systea has been designed for coapact range applications 
(18,19]. In the process of designing this subreflector, it vas found 
that one can correct the polarization problem associated vith most off- 
set reflectors. This is done by tilting the subreflector axis relative 
to the aaln reflector axis. The tilt is rather saall and in the off-set 
plane. This allows one to feed the aain reflector properly to generate 
a unifora field in the target zone vith excellent polarization purity. 
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The «ain reflector is still being designed in order to optinise its 
blended surface termination as veil as the junction contour betveen the 
reflector and blended surface. It has been shorn that this junction's 
diffracted field is dependent on the junction contour. Thus, an 
analysis to generate an optiaua shape for this contour has been 
developed by Pistorius [19]. 

d. Simula t ion of Compact Kange Reflector Systems 

It has been our objective to exaeine the errors associated vith the 
reflector system and correct them whenever possible. In terms of the 
reflector, the edge diffractions are the major source of ripple errors. 
So a major effort has been directed toward the reduction of these 
errors. 

In order to accomplish this task, we have already developed a 
numerical technique to compute the diffraction from blended surfaces. 

The technique is based on the corrected PO solution [2]. Using this 
novel approach the total scattered fields in the near zone of the 
reflector are computed. One can then subtract the specular reflection 
term from the total scattered fields to obtain the diffracted fields. 
Using this numerical technique a computer code to analyze semi-circular 
compact range reflectors has been developed by Gupta and Burnside 
[20,21] and delivered to NASA (Langley). The code can be used to 
compute the total near field of the reflector or its individual 
components (specular reflection, aperture blockage scattered fields and 
feed spillover) at a given distance froa the center of the paraboloid. 
The code computes the fields along a radial, horizontal, vertical or 
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axial cut at that distance. Thus, it is vary effective in computing the 
sise of the "svaat spot" for such reflectors. 

The computer code, as mentioned above, can treat only seal-circular 
reflectors. The technique, however, is applicable to arbitrary edge 
paraboloid reflectors. For arbitrary edge reflectors, the technique 
becoaes nuaerieally inefficient in that computation tiae to carry out 
the PO integration b ec oa es a Uniting factor. Other aethods to compute 
diffracted fields froa the blended surfaces therefore need to be 
developed. 

This code allows us to evaluate the presently-available Scientific- 
Atlanta reflectors and has shovn that inproveaents are needed. 
Specifically, the edge contour of the parabola aust be changed as shovn 
by Pistorlus [18], and the aperture blockage by the feed antenna 
reduced, the taper aust be improved and the cross-polarisation errors 
reaoved. As shovn by analysis (19], these errors can all be reduced by 
using a dual chamber concept which utilizes a Gregorian subreflector 
located in a second snail anechoic room. A small opening is then cut 
betveen the two chambers, so that the subreflector fields can fully 
illuminate the main reflector. This system is presently being 
constructed at NASA (Langley) and will be tested this coaing summer. 

e. Peed Designs 

The blended surface design for the compact range reflector allows 
one to measure much larger targets. Bovever, one can't take advantage 
of this target size unless he is able to feed the reflector properly. 
Beedy [22] has designed an aperture-matched horn which is useful for 
this application; hovever, it is larger than desired and not as 
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frequency agile as needed. As a result, other feed designs as veil as 
subreflector approaches are being examined. 

f. Absorber Scattering Study 

A general study of absorber scattering has been initiated. This 
research effort involves both an analytic and measurement aspect in 
order to understand the scattering performance of commercially available 
pyramid and vedge absorbers. The analysis is based on a UTD corner 
diffraction solution which is modified to treat material structures. 

The major aspect of this analytic study is associated vith the tip 
scattering. As this analysis vas compared with measurements, it vas 
ascertained that the absorber scatters incoherently; in which case, all 
the absorber contributes to the clutter throughout the room. Since the 
vail does not scatter coherently, one can' t use a ray trace solution to 
design the anechoic chamber. Finally, the analysis and measurements by 
DeVitt [23] show that vedge material is clearly superior near grazing; 
vhereas, the pyramidal material works better near broadside. 

Based on the analysis of DeVitt [23], the absorber scattering 
properties are dictated by the homogeneity of the material. Attempts 
vere made to get better material from absorber manufactures, but they 
don't seem to have the quality control necessary to improve the 
situation. They claim that their thin flat material is as homogeneous 
as they can possibly achieve vith their present manufacturing 
techniques. 

Vith this input, an absorber study vas initiated to examine this 
flat material. They did appear to be core homogeneous, but flat 
material has too large a reflection coefficient. Thus, various layered 
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vodge absorber designs have been exaained using this naterial. A 10 dB 
improvement has been achieved using this approach, but nore refinement 
is needed. 

g . OSO/KSL Conpact Kange Iaprovta ts 

The aneeholc chaaber for the eoapact range has been drastically 
lap roved. The iaprovenents entailed the refinishing of the reflector 
surface to provide a smooth rolled edge transition, a coaplete new 
absorber treataent of the vails, floors and ceiling, a raised floor to 
accommo d ate the ogival pedestal base and the Installation of an 
overhead, reaote controlled bridge crane to facilitate target counting. 

4. Control of ICS 

The introduction of the traditional aisslle fins caused the 
scattered fields to increase substantially. Based on GTD scattering 
aechanisas and aerodynaaic concepts supplied by C. Jackson of NASA, the 
fin shape vas redesigned to lover its contribution to nearly that of the 
basic aisslle fuselage. 

An oversized version vas placed on the model, and the experlaents 
verified our contention that a substantial reduction can be achieved by 
properly shaping the fins. This fin shape has been exaained at NASA froa 
an aerodynaaic vievpoint and appears to have slightly better performance 
as coapared with previous designs. 

Based on experlaental results, the aajor source of the scattered 
fields of the beslc aisslle is froa the rear of the fuselage. As a 
result, it vas proposed that the rear be tilted to reduce this 


16 



contribution which could also be used to good advantage Cron an 
aerodynaaic viewpoint as well. 

The jet intake is another aajor source of scattered fields. For 
the present nodel, it is shielded by the nisslle body froo the radar 
over a vide range of aspects looking froa below the aissile. The 
success of this shielding has been deaonstrated by experiment. It has 
been proposed that this region could be extended by tilting the noraal 
to the inlet upward froa the axis of syaaetry. 

5. Waveform Processing Techniques 

In the course of studying the reflection froa the leading edge of a 
wing, the tiae doeain techniques have been further developed by Doalnek 
(24]. These techniques generally required aceusulation of data over a 
vide range of frequencies. This data is then transforaed to the tiae 
doaain, producing a series of scattered vaveforas froa each scattering 
aechanisa. Unfortunately, when the portion of the spectrua of interest 
is that where the diaenslons of the body are snail in terns of 
wavelength, these transient signals tend to overlap. Thus various types 
of windowing were introduced to obtain the desired separation. These 
techniques have proven useful in the evaluation and control of scattered 
fields. 

This study has also produced soae additional results for creeping 
waves. The iaportance of creeping vaves arises in lov level radar cross 
section (RC5) bodies since they can be scattered back by structures 
shadowed by the aain body. A saooth, elongated aissile-like body vas 
Bade with several removable inlets to investigate, by aeasureaent, the 
influence of a shadowed inlet in regions of lov RCS. The aeasureaents 
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indicated a definite lev level creeping vave interaction vith the 
inlets. Bovever, the level vas near our lover measuring capability 
limit. This limit is being substantially reduced at the present time 
for future measurements. At the sane time, a computer code vas 
developed to calculate these creeping vave interactions based on GTD 
(25) and incorporating numerical techniques developed at RASA (7). The 
accuracy of these calculations is dependent upon hov veil the GTD 
creeping vave formulation models surface diffraction mechanisms. It is 
veil knovn that the formulation is very accurate for circular and 
spherical surfaces but very little study has been done on elongated 
surfaces. There has been an effort to compare the GTD creeping vave 
formulation to the true creeping vave values for spheroids and 
ellipsoids by extracting the creeping portion from the total scattered 
field of these tvo surfaces. There is as yet no valid asyaptotic 
solution for lov frequencies in terms of the creeping vave format for 
elongated bodies; i.e., parlaxial diffraction occurs. 

It is desired to remeasure the shadoved inlet RCS contribution in 
the improved anechoic chamber to have very reliable measurements and to 
finish the creeping vave comparison to establish the accuracy of the GTD 
formulation for elongated surfaces. 

The time domain extraction technique discussed earlier is one of 
many possible techniques to obtain the frequency characteristics (ECS) 
of a particular scattering mechanism by a "filtering” process from the 
total scattered field of a body. Other filtering techniques are also 
possible such as one developed by Ksienski ( 26 ) . Ksienski's approach 
has been generalized and is actually similar to filtering techniques 
used in time series analysis and geophysical seismograph research. The 
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literature has been reviewed in those other areas to find other 
applicable filter techniques that could prove useful in scattering 
problems. 

Another area where time series analysis and geophysical seismograph 
research can provide useful results is in high resolution tiae domain 
techniques. The tiae domain resolution capability of scattering centers 
is proportional to the frequency bandwidth. These other disciplines 
have generated techniques to * sharpen” the scattering center response 
that simulates the effect of having aore bandwidth. 

The general direction of this area of research is to improve the 
resolution and quality of data obtained using various processing 
techniques. These studies have been directly applied to a number of 
real world situations and have shown some successes. This whole effort 
will continue in an atteapt to develop new and aore powerful tools to 
extract aore information froa measured data. 

As a result of our studies, a new cross-range measurement algorithm 
has been developed for specific application to the compact range. Using 
this approach, the target is examined at a few look angles in one plane 
by simply moving the feed antenna. Since each feed position can be 
calibrated, the down range image plots froa each look angle can be 
combined to create a cross-range scattering center location. More will 
be presented on this topic in the future. 

6. Material Study 

The use of materials has proven to be quite rewarding. Both 
anisotropic composite materials and absorbers have been used to 
eliminate the edge wave that is generated at a discontinuity such as 
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corner, propagates along an edge and diffracts from a second 
discontinuity. This has proven to be a very significant scattering 
mechanism for both aircraft and aissiles, particularly the supersonic 
vehicles vith their sharp edges. This aechanisa aust be eliminated if 
the current analysis (and treatment) of leading and trailing edges is to 
be valid. A report has been written describing this result [27J. 

The rim for jet intakes has been shown to be a primary scattering 
source. Means of controlling this ria via the anisotropic aaterial 
approach has been considered. A series of aeasureaents have been made 
for open ended cylinders composed of such materials to obtain a basic 
data base. The results of these aeasureaents have been interpreted. 

The use of these aaterials has proven to be a diagnostic tool in that 
diffraction/scattering from a given portion of a structure can be 
modified by its presence. 

A report [28] has been issued suaaarizing the use of coaposite 
aaterials. A second report [29] associated vith nearly flat structures 
or straight edges has also been written. Our work vith V.T. Hodges in 
this area has proven to be very rewarding in that ve have gained a much 
better physical insight into the structural features of composites. 

Work has been focussed on structures that are self supporting and vill 
achieve the desired electromagnetics performance. 

7. Design and Evaluation of Standard Targets 

A number of standard targets have been developed, constructed and 
tested by NASA and OSU. One, an "almond" shape [30], is a very low echo 
area object and has been used to study perturbations including small 
intakes. This same scatterer is of interest to DoD and industry as a 
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test shape. The second test body called the "peanut*, vas used to study 
Multiple scattering. A third structure, the generic inlet has been 
coapared very favorably vith computations using a hybrid solution. 

Canonical shaped bodies like the ogive and sphere-capped cylinder 
have been pursued as targets to evaluate a measurement facility. An 
effort is presently undervay to efficiently generate the calculated 
scattered field from these bodies when they are electrically large to 
obtain an absolute reference of vhat a range should measure. 

The "almond" has proven to be a very desirable support body in 
terms of its scattering characteristics. The almond allovs a very large 
angular sector vhere the scattered field is very low. This feature 
allovs the direct measureeent of a subcomponent on the surface of the 
body without having the measurement corrupted by scattering arising from 
the support body. The almond can also be rigidly supported on the lov 
cross section ogival pedestal for measurements. 

The evaluation of the almond test body has progressed to the point 
of routine use for subcomponent measurements. The almond version most 
commonly used is the 'flat' one vhich on side has a planar surface to 
facilitate subcomponent mounting. A flush, removable ogival plate which 
covers a cavity region has been incorporated on this flat portion. 

The calculation of the scattering from an almond body is presently 
undervay using a "Harch-in-Time” approach of Bennett's [31]. This 
calculation is being performed on a Cray computer located at Camegie- 
Hellon University. Such calculations are useful for performance checks 
on measured results from anechoic chambers. 
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8. Aircraft Blockage of C r oa a d- Satalli to Link 

Tbo potential for an aircraft to fly directly through a ground 
station-to-satallita link bccoaes aort significant if the link is 
located closer to an airport* obviously. Because this situation is auch 
ao re likely near airports* it is appropriate to exaalne the effects of 
such an encounter. 

There vere tvo aspects to this study: 1) an aperture blockage 

theoretical solution developed by Kudduck and Lee (32] vas used to 
calculate the effect of a large aircraft (C5) for various satellite 
ground station antenna diaaeters, and 2) the compact range facility at 
OSU vas used to aeasure the blockage of various targets* including a 737 
aircraft* and to validate the theoretical solution of Itea 1. 

The aeasureaents verified the theoretical analysis in that the 
blockage results froa the obstruction of the line-of-sight signal. In 
all cases if a large aircraft flev directly through a ground station- 
satellite link* there can be a drop in the systea gain. What effect 
this has on the systea is dependent on the systea under consideration. 
Hovever* as shovn in Ref. (33,34], if the aircraft is in the near field 
of the ground station, the gain loss is substantial, and one would 
assuae that the link would be lost during the tiae period that the 
aircraft blocks the line-of-sight signal. 

9. Inlet Internal Scattering Analysis 

A hybrid technique vas used to analyze the general rectangular 
inlet structure. The agreement of this solution's results vith 
experimental ones vas excellent. In addition, it vas studied further to 
deteralne how such of the complexity of the internal fields needs to be 
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retained in order to obtain good results. It vas surprising to learn 
that only three waveguide nodes dictated by the angle of Incidence were 
required to generate accurate results even when the rectangular cross 
section is relatively large in terns of the wavelength. Furtheraore t 
this hybrid technique, which involves a combination of high frequency 
(HF), nodal and multiple scattering methods, has been developed to deal 
with a variety of inlet shapes which can be approximated by joining 
together piecewise linearly tapered and/or circularly bent sections of 
waveguides for which the modes can be determined • This hybrid technique 
basically involves expressing the nodes in terns of an equivalent set of 
nodal rays and then finding the elements of the junction scattering 
matrices in a relatively simple manner, via HF techniques, to 
characterize the junction discontinuities. The interactions between 
Junctions (discontinuities) is accounted for by the seif consistent 
multiple scattering method to arrive at the total field scattered by the 
inlet model. This work is summarized in Ref. ( 35 , 36] . 

A second much simpler ray optics model vas also studied by 
Burkholder [37]. It vas found that good results are obtainable even 
from this simple geometry. This is especially true for internal 
structures that are very large electrically. 

In both cases, the analytic results were compared with measured 
results obtained using the compact ra^ge system. The inlet models were 
supplied by NASA. 

An efficient hybrid procedure vas developed, as mentioned earlier, 
for analyzing the electromagnetic scattering by a class of inlet shapes 
that can be modeled by joining together piecevise, linearly tapered, 
and/or circularly bent sections of waveguides for which the modes can be 
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found analytically. This hybrid procadura begins by breaking op the 
nodal fields in tarna of an equivalent set of nodal rays, and then using 
these nodal rays in conjunction vith asyaptotie high frequency 
techniques (such as the ge o ne trical and physical theories of 
diffractions) to find the elenents of the generalised junction 
scattering natriees in a relatively staple fora. These scattering 
aatriccs fully characterise the reflection and transaission properties 
of the junctions between different waveguide sections. The interaction 
between different waveguide sections (discontinuities) is readily 
accounted for by the self consistent aultlple scattering nethod. When 
applying this approach to a general rectangular inlet cavity, it was 
also nentioned previously, that, a further amplification was achieved 
because only a set of three consecutive waveguide nodes dictated by the 
angle of incidence were needed to get accurate estinates of the RCS for 
sufficiently large waveguides. During the present period, that 
selective aodal sebeae has been studied for other inlet waveguide shapes 
such as strongly linearly tapered as veil as circular inlets. Vhile it 
is found that nore selective nodes are required for the latter 
configurations than for the rectangular case analyzed previously, it is 
true that the selective nodes still fora a far snaller set than the 
large number of all the propagating nodes vithin the inlet waveguide. 

The work on the hybrid approach for analyzing the junction scattering 
entries and the evaluation of the RCS of soae inlets, as veil as the 
selective nodal schene are described in a report and few papers vhich 
are listed later in the section on recent publications. 

Before proceeding to analyze the RCS of sore inlet shapes, it 
appears appropriate at this tine to consider alternative efficient 
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approaches for analyzing inlets with smooth transitions and tapers vhich 
could also account for inlet vail treatments. Such a study of this 
complex problea is under vay. The hybrid nodal ray approach discussed 
earlier will becone aore difficult and cuabersone for arbitrarily shaped 
inlets and for treated inlet vails, as the nodes are very difficult to 
find for the latter case. Nevertheless, the studies perforned thus far 
on a class of perfectly-conducting inlet aodels (for vhich the interior 
nodes can be found easily) provide a useful estimate of the upper bound 
for the inlet RCS values; the treated inlets vould of course yield 
nostly lover RCS values. 

10. Antenna Studies 
a. Array Scan Inpedance 

The study of scattering by antenna arrays is continuing. The 
general property of the array that needs to be evaluated and controlled 
is the array scan iapedance. It is very iaportant that this scan 
inpedance be aade as independent of scan angle as possible. To this end 
our original studies involved techniques for controlling the Inpedance 
of an array of ”V" dipoles over a conducting plane. A reasonably 
constant scan iapedance has been obtained for such an array. Bovever, 
when the feed lines vere inserted, these desirable results vere 
seriously perturbed. 

b. Microstrip Scattering 

In this section the current and future vork on the aethod of 
nocents (MM) analysis of the radiation and scattering fron aicrostrip 
antennas and arrays is described. A aicrostrip antenna is a oetal patch 


25 



printed on an electrically thin gr ou nded dielectric rtbstntt. Tho anin 
purpose of our effort is to develop an accurate and cenpntatienally 
efficient nodal for the radar cross section (BCS) of a rectangular 
alcroetrip antenna over a very brood frequency range. The tCS ef the 
nicrestrip antenna is an inportant problea since its scattering can be 
doninant when aounted on a lev BCS structure. 

Our pest vorfc [38-43} (and that of others) on nicrestrip antennas 
has nostly dealt vith the radiation problea. In this case* ve were 
interested in the transnitting properties over a f r eq u en cy r ange vithia 
a fee percent of first resonance. Ve are nov interested in the 
scattering properties ever a frequency range of several octaves. A 
result of this is that the current distribution on the aicrostrip patch 
is very complicated, as coopered to the relatively staple current 
distribution on a transnitting aicrostrip near the first resonance. 

Thus, ve oust use aany teras, R, in our MM expansion of the nicrostrip 
current. This presents a problea, since the CFO no really increases as 
R* in a MM solution. 

Oe have done tvo nain things to obtain an efficient MX solution 
vith reasonable CFO tiaes. First, ve have formulated the solution so 
that the reasonable CPU tine is proportional to M rather than M*. This 
nininires the CPU tine to conpute the BCS at a single frequency; 
hovever, a second problea remains. The nicrostrip antenna is a highly 
resonant device. A plot of RCS versus frequency vould consist of n 
series of large, but narrov peaks. In order not to niss one of these 
peaks, ve Bust take saall steps in frequency. Consider the co^wtation 
of the RCS of a aicrostrip antenna froa 1 to 10 GHz. If ve take 
frequency steps of say 10 MHz, then this vould result in 1000 
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evaluations of the KM computations, and the total CPU time would be 
prohibitive. To alleviate this problem we have developed a technique of 
interpolating the KM impedance matrix. In the above example, ve might 
compute the KH impedance matrix every 500 MHz, resulting in a factor of 
50 decrease in CPU time. The impedance matrix at an intermediate 
frequency works because the elements in the impedance matrix are a much 
more slowly varying function of frequency than the scattered field. 

At present, we have developed a computer code capable of computing 
the ECS of a rectangular microstrip patch over a broad frequency range. 
Ve have also obtained measurements to verify the accuracy of the code. 
All of which was reported in Ref. |44]. 

The present code does not consider the microstrip feed. For the 
antenna problem, one can use an extremely simple model for the feed, 
which assumes an extiemely thin substrate, however, for the ECS problem 
ve can not assume a thin substrate, since the frequency of the incident 
wave might be much greater than the frequency of the first resonance of 
the patch. Thus, our efforts have been directed toward developing a 
suitable model for a microstrip feed. This model will enforce 
continuity of current at the feed line to microstrip patch junction, and 
not be dependent on a thin substrate approximation. Basically, this 
will be done by taking our past work on wire to plate junctions [45-48J 
and modifying it for the aicrostrip antenna. 

11. Miscellaneous Measurements 
a. Rough Surface 

A variety of measurements have been performed during this past 
year. One centers around the scattering from rough surfaces near 
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grazing* Nemr«M&ts of a plate vith periodic sinusoidal variations 
vert obtained and coopered vith siaple theory* The peak to peak surface 
variations vere *01 and *03 inches* The resonant behaviours of the 
scattered fields vere readily apparent and agreed vith the calculations 
for incident angles less than 30* froe grazing* 

b. Resistive Card a 

Another series of eeasureoents Involve effectiveness of resistive 
cards on thick edges* Resistive cards are very useful for scattering 
reduction fron thin edges but vhen the edge becooes thicker, the 
scattering ph en omenon changes* The scattering reduction froe an 
elliptic edge vas measured over a broad band of frequencies at several 
look angles for single and nultlple resistive card configurations* 

c* Contour tie Inlets 

The scattering reduction possible on shaping the ria of inlets vas 
experiaentally studied* Four different ria contours vere tested: a 

straight circular ria, an outvardly expanding ria, an invardly 
contracting ria and a ria contour that oscillated about a plane* It vas 
found that no significant difference vas observed among a series of 
pattern and svept frequency measurements* Conceptually, an oscillating 
rim would reduce the axial backseat tered field if enough phase 
difference could be achieved. 

d* Images 

A nev scheme to generate tvo-disensionai images of scattering 
centers h as been developed. This technique entails the processing of 
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dovnrange, banditti ted impulse responses froa tvo look angles which are 
s y mme trically offset a slight distance froa the downrange syame try axis 
of the coapact range reflector. The returns froa the tvo look angles 
are paired together and the dovnrange location of the scattering centers 
is the average dovnrange distance of each pair. The crossrange 
displaceaent of the scattering center is obtained froa the relative 
dovnrange offset between the average dovnrange location and the 
individual returns. To deteraine whether the scattering center is 
located to the left or right of the down range syaaetry axis, the 
aeasureaent which precedes the average dovnrange location is used. This 
algor itha is veil suited for reflection and diffraction aechanisas. 

C. PRESENT PROGRAM ACHIEVEMENTS 

1. Indoor Scattering Measurement Systea 

a. Coapact Range Reflector Development 

For the past several years, ve have been working jointly vith NASA 
(Langley) to develop the next generation reflector systea which will 
provide at least an order of aagnitude improvement in the systea 
performance. The concept as stated earlier involves a Gregorian 
subreflector systea built into a dual chaaber arrangement* Using this 
approach, ve expect to obtain about l/10th dB ripple and taper errors. 
Plus, the cross polarized coaponent should be at least 40 dB belov the 
co-polarized term. This systea should be constructed and tested this 
coming sumaer- 

It was shown by Pistorius (19) that a concave edge contour 
reflector provides better performance because it reduces the spread 
factor or ultimately the diffracted field. In order to sisply test that 
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concept, he used the same blended rolled edge around the entire 
reflector contour. Bis results showed soee imp r o ve m en t; however, the 
reflector rolled edge was not optimised. As a result, ve have been 
developinf an optialsatloa concept for the blended rolled edfe for each 
section around the concave edge contour. This Is done by optimising the 
blended rolled edge along selected radial cuts around the reflector. 

The blended rolled edge at each radial cut is then found by 
interpolating the blended rolled edge paraaeters from one optlalsed 
section to the next. The optimisation is done by first finding the 
equivalent parabola for each selected radial cut through the center of 
the reflector. Using this equivalent parabola, ve obtain an optimized 
rolled edge based on the lover frequency and height requirements. This 
approach provides even better performance than that obtained earlier. 

Last year, ve developed an improved Physical Optics (PO) solution 
for the rolled edge reflectors which required us to subtract out a 
shadow boundary error term as described in Ref. (2). This error 
mechanism consists of several terms but for most cases can be limited to 
the first and second order terms. The second order tern requires us to 
know the radius of curvature of the curved surface at the shadow 
boundary. This radius of curvature is not that simple to obtain but 
must be evaluated in order to obtain accurate results. Ve have recently 
evaluated this radius of curvature and found that the second order term 
has a significant effect on the results. In fact, the removal of this 
error term from the PO solution allovs us to generate even better 
reflector designs such as the optimized shape described previously. 
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b. Hmmsurwmaat Hardware 

The Majority of our effort this year has been devoted to the 
development of two pulsed /CT radar transceiver systems for RASA 
(Langley). These systems are based on a prototype design which was also 
designedt constructed and tested this year. The transceiver is 
operational from 2*18 GHz with additional capability froa 18-36 GHz 
using a few higher frequency components. This is done using a double 
concept which sacrifices some performance because of the lower radiated 
power (+5 dBm versus 20 dBm). 

The radiated signal is pulsed with a width of about 5 ns to 
eliminate clutter mainly associated with the horn V5VH and bounce off 
the reflector. The pulses can be controlled to a resolution of 1 ns in 
terms of their delay and width. These signals are fully controlled by 
the IBM/AT computer which is interfaced to the system. 

The receiver subasseably consists of two independent channels which 
can be used to measure the co-polarized and cross-polarized signals 
scattered by the target. These two signals are coherently detected to a 
resolution of 0.001 dB and 0.01*. In order to provide various 
performance parameters! the system can be requested to hardware average 
the detected signal froa 1 to 256 samples. Thus, the operator through 
the IBH/AT controller can tradeoff system performance for speed. 

In that one would like to eliminate the need for taking numerous 
background measurements, the system must remain very stable with time. 
This stability is built into the radar by shifting the receive pulse 
gate betveen a fixed or knovn return and the target. The target return 
is then divided by the knovn one in order to remove the system 
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variation*. This rtfircnct soda can bt selected or not by tha oparator 
for aach new measurement. 

Tha soft vara oo tha IBK/AT computer is menu dr Ivan under cursor 
control to allov tha oparator to viav tha racaivar sat tings and sinply 
changa only salactad paraaatars. It is divided into savaral pages which 
perform different functions such as target log and scan paraaatars page, 
measurement page* processing page, timing page and maintenance page. 
Through this input one can easily specify a measurement sequence and 
obtain the desired data. On the other hand, if the system is perceived 
to have a problem, it can be self evaluated to check out each 
subassembly. If a problem is indicated, tha operator can further 
examine the system using the maintenance page. Once the faulty section 
is defined, it can be removed and tested on the bench. 

This nev system has been tested thoroughly and been found to 
perform up to its original design specifications. The first system will 
be delivered to NASA (Langley) in Kay; whereas, the second one vill 
remain at OSU in order to interface it vith the nev mini range reflector 
system. 


c- Target Nomats 

In order to make the NASA (Langley) radar system compatible vith 
ours, ve have also modified our old metal ogival support pedestal and 
added a nev pedestal controller. This vill make the nev radar system 
completely stand alone except it must be interfaced to the NASA HicroVax 
computer. All the software and hardware for this interface has already 
been delivered to NASA. 
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V« have atdt scat great progress using straps to hold a target. 

This work has not been dooe under this grant, but it should be kept in 
■Ini as a potential future aetbod for holding targets during a 
aeasureaent sequence. Ve have found that the specially designed straps 
fron 3H Corporation can hold very heavy targets; yet, their cross- 
section at a snail tilt angle relative to the plane vave directloa can 
be better than -60 dBsa. In addition, their bistatic scattering level 
is very lov so that they don't interact significantly vith the target 
except for the aounting fixture. As a result, ve vill need to evaluate 
various strap noun ting techniques in the future. 

d. Absorber Scattering Study 

This effort has been devoted to the absorber treataent of the 
aperture opening betveen the tvo chambers in the Gregorian subreflector 
systea. This has Involved evaluating various absorber treataents in the 
aperture and recording the resulting antenna patterns. The actual 
neasureaents have been obtained at NASA (Langley). The absorber 
perforaance has bees critically exaalned using a new cross range 
algoritha vhich identifies the various scattering (or radiation) centers 
associated vith a sector of the aeasured pattern. Using this approach, 
ve have been able to pin-point the significant scattering regions and 
aodify those areas to iaprove performance. Vithout such a technique, it 
would be virtually iapossible to determine vhich portion of the total 
aosorber treatment caused a l/10th of a dB ripple. At the present time, 
these techniques have just about specified the absorber treatment for 
the aperture opening for x-band operation. 
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«. Cross tonga h o emto f for Antenna Pattons 

As stated la tbs previous section, vs have developed a nev 
algor itha to identify the cross range location of the radiation centers 
based on a snail sector of the radiation pattern. This is done by 
coherently processing the pattern data for say plus and sinus five 
degrees around a pattern direction of interest. If it can be as tuned 
that the aagnitude of a radiation center is uni fore across this snail 
angle scan the phase indicates the various sources of the radiated 
signal. 

This processing has been used to evaluate the radiating centers for 
an 8 foot disaster reflector antenna vhich vas neasured in our coopact 
range. Siaply using the recorded patterns, ve could identify the feed 
spillover, feed blockage, edge diffraction and strut scattered field 
locations and relative radiation levels. In addition, ve obtained other 
teras vhich vere unexpected such as scattering froa a saall taped hole 
in the center of the reflector. This error tera vas large enough to 
destroy the agreeaent betveen neasured and calculated results because 
the calculated data didn't Include that tera. In any event, it is very 
clear that this type of signal processing vill bee one nore popular in 
the years to coae. In that regard, the coapact range is aost 
appropriate for this technique in that it can provide the required 
neasured phase accuracy as deaonstrated by our results. 
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£. Keccat Indoor Scattering NcuarcMt Publications 

1. V.D. Burnside, "Compact Ranges * Past, Present and 
future,* IEEE Antennas and Propagation Society 
International Syaposiua, Blacksburg, VA, June, 1987. 

The coapact range has been used for electromagnetic 
seasuresents since the early 1950' s. Although the early 
atteapts with such systeas had soee successes, they were not 
generally used until the middle of the 1970's. This recent 
interest vas sparked by a coaaercially available system 
developed by Scientific-Atlanta. This system vas 
specifically designed and tested for antenna applications 
even though the earlier tests vere made in terms of 
scattering measurements. Based on the recent interest in 
radar cross-section, the compact range has been re-examined 
in terms of its capabilities for measuring the scattering 
properties of large structures. The Ohio State University 
has been one of the pioneers in developing the proper use, 
capabilities, and modifications necessary to make the compact 
range one of the most accurate electromagnetic pattern 
measurement systems available. As a result, nev systems have 
been designed using various electromagnetic analyses to guide 
this research effort. These changes Include the reflector, 
feeds, target mount, instrumentation, absorber, target 
handling techniques, data processing, calibration methods, 
calibration targets, etc. In most cases, the theoretical 
solutions have been verified by experiments! results, and in 
some cases, the nev designs have been incorporated in 
commercial products. 

The presentation vill attempt to cover the latest and 
more interesting aspects of this challenging nev area. 


2. I.J. Gupta and V.D. Burnside, "A Numerical Method to 

Compute Diffraction from Blended Surfaces,” IEEE Antennas 
and Propagation Society International Symposium, 
Blacksburg, VA, June, 1987. 

The compact range reflectors used for RCS and antenna 
measurement these days usually have rolled edges [1,2] to 
reduce the stray fields diffracted from the rim of the 
parabolic section. For the optimum performance (small 
diffracted fields), blended rolled edges [2] are used. The 
junction between the parabolic section and a blended rolled 
edge is a higher order discontinui ty in that at least the 
radius of curvature at the junction is continuous. Closed 
form solutions for the fields diffracted from such junctions 
are not available. Thus, it is quite hard to analyze and 
design such coapact range reflectors. In this paper, a 
numerical method to compute fields diffracted from blended 
surfaces is presented. The method is applicable to 
reflectors with arbitrarily shaped rims and is specially 
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suitable for circular or seal-circular reflectors. A brief 
description of the aethod is given belov. 


3. C.V.I. Fistorius, G. Clerici and V.D. Burnside, "A Dual 

Chamber Compact Range Configuration, ■ IEEE Antennas and 

Propagation Society International Symposium, Blacksbutg, 

VA, June, 1987. 

A coapact range is an indoor facility used for the 
measurement of antenna radiation and target scattering 
patterns. The measurement of these patterns require that the 
antenna or scattering body be illuminated by a uniform plane 
wave; l.e., the measurement range has to be able to produce a 
uniform plane wave with no cross-polarization errors (or a 
good approximation thereof) over a specified volume vhere the 
target or antenna vill be located, referred to as the "target 
zone". It has already been shorn that edge diffracted fields 
from the main reflector can be significantly reduced if the 
main reflector has a concave edge contour and blended rolled 
edge terminations [1,2]. This results in a reduction of the 
ripple in the field illuminating the target zone. In this 
paper, it vill be shovn that the range performance can be 
improved further by using a dual chamber compact range 
configuration [3] as shovn in Figure 1. The main reflector 
and target zone are located in the main chamber and a 
Gregorian subreflector and associated feed assembly in a 
second, smaller chamber. The tvo chambers are separated by 
an absorber fence, vith a small coupling aperture to transmit 
signals from one chamber to the other. Since all the 
reflected rays from the Gregorian subreflector pass through 
the focal point, and hence through the coupling aperture, 
they are not perturbed by the absorber fence. Such a dual 
chamber system has several advantages over other 
configurations, especially in terms of a reduction of the 
amplitude taper and cross-polarization errors in the plane 
vave illuminating the target zone. 


4. I.J. Gupta, V.D. Burnside and C.V.I. Plstorius, "Design 
of Blended Rolled Edge for Coapact Range Reflectors," 

AKTA Symposium Digest, Seattle, VA, September, 1987. 

The coapact range reflector used these days for RCS and 
antenna measurements have colled edges [1] to reduce the 
stray fields diffracted from the rim of the parabolic 
section. For optimum performance (small edge diffracted 
fields), blended rolled edges (2] are used. A blended rolled 
edge ensures that the radius of curvature of the surface is 
continuous at the junction between the paraboloid and the 
rolled edge. By selecting an appropriate blending function, 
one can make the first and higher derivatives of the radius 
of curvature continuous at the junction [3] which in turn 
results in a weaker diffracted field. However, the resulting 
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reflector may be too large to be practical. Also* the 
■Inina radius of curvature of the reflector surface in 
the lit region aay becoae less than one fourth of the 
wavelength at the lovest operating frequency, which is not 
desirable. Thus, the choice of blending function and rolled 
edge parameters is quite important in the design of compact 
range reflector antennas. In this paper, a procedure to 
design blended rolled edges for such applications is 
discussed. The design procedure leads to a rolled edge that 
minimizes the edge diffracted fields while satisfying certain 
constraints regarding the reflector size and alniaua 
operating frequency of the system. Some design examples are 
included. 


5. H. Shamans ky, A. Deal nek and V.D. Burnside, "Remodeling 

of the ESL-OSU Anechoic Chamber," AKTA Symposium Digest, 

Seattle, VA, September, 1987. 

The indoor compact rax ge has proven to be Quite 
successful in measuring the radar cross section (RCS) of 
various targets. As the performance capabilities of the 
compact range have expanded, the use of larger, heavier, and 
more sophisticated targets has also expanded. Early target 
dimensions were limited by the size of the useful test area, 
as veil as the capacities of the low RCS pedestal mount used. 
Today, our anechoic chamber has a large useful test area, 
thus the size and weight of targets dictate that a nev method 
be employed in target handling and positioning, as veil as 
target mounting to a lov RCS pedestal. 

Vork vas recently completed here at the Ohio State 
University ElectroScience Laboratory to remodel our anechoic 
chamber to allov for the nev generation of targets and the 
demands that they place on the anechoic chamber. This work 
includes the addition of a one ton motorized underhung bridge 
crane to our anechoic chamber, the design and construction of 
an hydraulic assist to smoothly and precisely raise and lover 
the target for the final link-up of the support column and 
the receiving hole in the target, the design and installation 
of a one ton telescopic crane in the chamber annex to link 
vith the main chamber crane, the design and installation of 
the necessary microwave treatments to minimize the impact of 
the remodeling on accurate RCS measurements, the development 
and installation of a sloping raised floor, the design and 
manufacture of a track guided rolling cart to shuttle 
operating personnel to and from the target area, the 
replacement of the existing radar absorbing material, the 
improvement of the cj^bient lighting in the chamber to 
facilitate film and video tape documentation, and the 
development of nev target mounting schemes to ensure ease of 
handling as veil as secjre mounting for vector background 
subtraction. 
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6. V.D. Burnside, C.W. Pis tor lux and N.C. Gilrtath, "A Dual 
Chisbtr Gregorian Subreflector of Conpaet Kane* . 
Applications," AREA Sy a poa lun Digest, Ssattlo, VA, 
Soptonbsr, 1967. 

A new dual chanber concept using a Gregorian subraflector 
syaten is beiaf proposed for conpact range applications. 

Ibis concept places tbs fead and subreflector in a snail 
chanber adjacent to tba neasureaent range which contains the 
nain reflector and target. These too chanbers are connected 
together by a snail aperture opening which is located at the 
focus of the nain reflector. This systea can potentially 
provide iaproved taper, ripple, and polarisation perfornance. 
Because it sues a refelctor, the anain reflector focal length 
can be decreased without a loss in perfornance. This in turn 
reduces the ainiaua length requlrenent for the nain chanber. 
The design of this type of systea plus the test results that 
have been perforned will be presented at the conference. 


7. B.J.B. Taste, V.D. Burnside, and Z.J. Gupta, "The Effects 
of Mechanical Discontinuities on the Perfornance of 
Conpaet Bangs Reflectors," AKTA Syaposiun Digest, 

Seattle, VA, Septenber, 1987. 

Reducing ripple in the aperture field of the parabolic 
reflector is one of the nain considerations in the design of 
a conpact range, since it determines the "usable" target zone 
for SCS and antenna neasurenenta. The usable target zone is 
typically defined as the aperture region where the ripple it 
less than 0.1 dB (1]. Studies (2,3] have shown that edge 
diffractions and therefore ripple can be significantly 
reduced by using blended 'oiled edges such es in Pigure 1. 

For low aperture field ripple, it is assuned that the 
junction between the parabolic surface and the blended rolled 
edge is saootb. In practice, however, the rolled edges nay 
be Mchined separately and then fitted to the main reflector. 
If this is done, snail wedge angle errors (Figure 2) or step 
discontinuities (Figure 3) nay be aechanically Introduced at 
the junctions. Typically, angle deviations of ±0.5* and 
steps of ±0.005 inches nay be expected. If the parabola and 
part of the rolled edge is nachined as a unit, diffractions 
due to discontinuities in the nechanical junction betveen 
this surface and the rest of the rolled edge can have less 
effect on ripple in the aperture field. Kov, the questions 
to be ansvered are: 

* Hov such of the target zone is lost due to 
discontinuities at the edge of the parabola? 

* Bov noch of the rolled edge need to be nachined vith 
the parabola to prevent nechanical discontinuities 
fron decreasing the usable target zone? 

* What range of discontinuities can be tolerated? 
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la this paper, these questions are answered for a 12-foot 
radius semi-circular coapact range reflector with cosine- 
blended rolled edges. 


8 . C.V.I. Plstorius, “New Main Reflector, Subreflector and 
IXial Chamber Concepts for Coapact Range Applications, 11 
Technical Report 716148-22, The Ohio State University 
Elect roScience Laboratory, prepared under Grant NGS-1613 
for NASA-Langley Research Center, Haapton, VA, August 
1987. 

A coapact range is a facility used for the measurement of 
antenna radiation and target scattering problems. Most 
presently available parabolic reflectors do not produce ideal 
uniform plane vaves in the target zoom. Design improvements 
are suggested to reduce the amplitude taper, ripple and cross 
polarisation errors. The ripple caused by diffractions from 
the refelctor edges can be reduced by adding blended rolled 
edges and shaping the edge contour. Since the reflected 
field continues smoothly from the parabola onto the rolled 
surface, rather than being abruptly terminated, the 
discontinuity in the reflected field is reduced vhich results 
in veaker diffracted fields. This is done by blending the 
rolled edges from the parabola into an ellipse. An algorithm 
vhich enables one to design optimum blended rolled edges vas 
developed that is based on an analysis of the continuity of 
the surface radius of curvature and its derivatives across 
the Junction. Furthermore, a concave edge contour results in 
a divergent diffracted ray pattern and hence less stray 
energy in the target zone. Design equations for three- 
dimensional reflectors are given. Various examples vere 
analyzed using a nev physical optics method vhich eliminates 
the effects of the false scattering centers on the incident 
shadov boundaries. A Gregorian subreflector system, in vhich 
both the subreflector and feed axes are tilted, results in a 
substantial reduction in the amplitude taper and cross- 
polarization errors. A dual chamber configuration is 
proposed to eliminate the effects of diffraction from the 
subreflector and spillover from the feed. The main reflector 
and target zone are located in the upper chamber, and the 
subreflector and feed in the lover chamber, the chambers are 
isolated by an absorber fence with a small coupling aperture 
to transmit signals. The fence attenuates stray signals from 
the subreflector and feed to an msigaif leant level. 
Diffraction from the coupling aperture can be minimized by 
terminating the fence in wedges. A computationally efficient 
technique, based on ray tracing and aperture integration, vas 
developed to analyze the scattering from a lossy dielectric 
slab vith a vedge termination. 


9. H.T. Shamansky, A.K. Doainek and V.D. Burnside, "Design 
and Implementation of the ESL Coe pa c t Range Underhung 
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Bridge Crane,* import Bo. 716148-23, The Ohio Stmtm 
University Electro Scieoce Laboratory, prepared under 
Grant BGS-1613 for RASA-Lmngley Research Center, Hampton, 
VA, September 1987. 

Am the Indoor compact ranee technology has continued to 
lncreaae, the need to handle larger and hoarier targets has 
also increased* This need for target lifting and handling 
prompted the feasibility study of the use of an under hung 
bridge crane to be Installed in the BSL compact range. This 
report documents both the design of the underhung bridge 
crane that vas installed and the implementation of the design 
in the actual installation of the crane* 


10. T.fl. Lee, W.D. Burnside and R.C. Rudduck, *A New 

Approach for Shaping of Dual-2* flee tor Antennas, • Report 
No. 716148-26, The Ohio State Qhirersity RlectroSclence 
Laboratory, prepared under Grant NGS-1613 for NASA- 
Langley Research Center. Hasp ton, VA, December 1987. 

A nee approach is studied for the shaping of tvo- 
dimenslonal dual-reflector antenna systems to generate a 
prescribed distribution vith uniform phase at the aperture of 
the second reflector. This method is based on the 
geom e trical nature of Cassegrain and Gregorian dual-reflector 
antennas. The method of synthesis satisfies the principles 
of geometrical optics which are the foundations of dual- 
reflector designs. Instead of setting up differential 
equations or heuristically designing the subreflector, a set 
of algebraic equations are formulated and solved numerically 
to obtain the desired surfaces. The caustics of the 
reflected rays froa the subreflector can be obtained and 
examined. Several examples of two-dimensional dual-reflector 
shaping are shown to validate this study. Geometrical optics 
and physical optics are used to calculate the scattered 
fields from the reflectors. 

A blended rolled edge attachment to the shaped main 
reflector for compact range applications is also 
investigated. The addition of rolled edges to the main 
reflector reduces the edge diffracted field vhich causes 
ripple in the aperture field. A method for correcting false 
end-point contributions vhich result froa the use of physical 
optics are reviewed. Several examples are given to 
illustrate the improvement achieved in the aperture field by 
adding the blended rolled edge terminations. Corrections for 
the end-point contributions are Included in these examples in 
order to obtain the true scattered fields from the 
reflectors. The same method of synthesis is also used for 
shaping of a three-dimensional circularly symmetric dual- 
reflector antenna. This case is also verified by examples. 
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11. D. Jones, B.V. Burnside, *A Very Vide Frequency Bend 
Pulsed/IF Rader System,” Report 716148-28, The Ohio 
State University Electro Science Laboratory, prepared 
under Grant NGS-1613 for NASA-Langley Research Center, 
Hampton, VA, Kerch 1988. 

A pulsed/IF radar for compact range cross section 
measurements has been developed which converts RF returns to 
a fixed IF, so that amplification and gating nay be performed 
at ooe frequency. This permits the use of components which 
have optimal performance at this frequency which results in a 
corresponding improvement in performance. Sensitivity and 
dynamic range are calculated for this system and compared 
with our old radar, and the effect of pulse width on clutter 
level is also studied. Sensitivity and accuracy tests are 
included to verify the performance of the radar. 


12. S. Ellingson, "Curvature of Blended Rolled Edge 

Reflectors at the Shadow Boundary Contour ," Report No. 
716148-29, The Ohio State University BlectroScience 
Laboratory, prepared under Grant NGS-1613 for NASA- 
Langley Research Center, Hampton, VA, April 1988. 

A technique is given to compute the radius of curvature 
of blended rolled edge reflector surfaces at the shadow 
boundary, in the plane perpendicular to the shadow boundary 
contour. This curvature must be known in order to compute 
the spurious endpoint contributions in the physical optics 
(PO) solution for the scattering from reflectors with rolled 
edges. The technique is applicable to reflectors with 
radially-defined rim-shapes and rolled edge terminations. 

The radius of curvature for several basic reflector systems 
is computed, and it is shown that this curvature an vary 
greatly along the shadow boundary contour. Finally, the 
total PO field in the target zone of a sample compact range 
system is computed and corrected using the shadow boundary 
radius of curvature, obtained using the technique. It is 
shown that the fields obtained are a better approximation to 
the true scattered fields. 


2. Material Study 

Research on nev mechanically strong surfaces with reduced 
edge waves has continued. This structure has been used in the design 
and development of more practical structures. An ogival shape whose 
construction is nearly complete should provide some interesting results 
during the current contact. Even more interesting have been results 
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l«Mrat«d by atructuraa that u* nn closely related to ectuel aircraft 
shapes. A preliminary report has been written disenssinc these 
advances. 

The analytic stody of these surfaces has provided an improved 
understanding of these aaterials. Thus, it is aost important that these 
studies continue. These results suggest that options absorption of 
surface waves occurs when fiber radii are of the order of a skin depth. 
If further studies confirm this concept, and ve succeed in adequately 
notching aeasured and computed results, this will result in 
substantially improved composites from an electromagnetic view point. A 
report has been written describing these studies. 

In addition, the material contained in Reference [28) is to 
be included in the recent low observables symposium digest. 

a. Bicat Publications 


1. T. Bodges, (NASA/Langley Research Center, Hampton, VA), 
B. Newman, L. Peters, Jr., (OSU-BlectroScience 
Laboratory, Cols., OB), "Preliminary Version of an 
Electromagnetic Model for Graphite Composites" , Report 
No. 716148-25, The Ohio State University ElectroScience 
Laboratory, prepared under Grant NGS-1613 for NASA- 
Langley Research Center, Hampton, VA, November 1987. 

"Classified" 


2. A.K. Doainek, L. Peters, Jr., "Edge Vave Control on 
Three-Dimensional Fins", Report No. 716148-27, The Ohio 
State University ElectroScience Laboratory, prepared 
under Grant NGS-1613 for NASA-Langley Research Center, 
Eaapton, VA, Septenber 1987. 

"Classified" 


3. L. Peters, Jr., A.K. Doainek, S. Vozniak, R. Svann and 
V.T. Hodges, "Edge Vave Control Using Absorber on 
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Composite Material, * Lov Observables Symposium Digest, 
March 1988. 

"Classified" 

3. Vsveform Processing Techniques 

In our effort to develop new and aore powerful tools to extract 
•ore information froa measured data, ve are studying various super 
resolution techniques used in spectral estimation. These techniques 
offer superior resolution with the added benefit that far fever data 
points are needed in the measurement. The higher resolution is achieved 
using the signal-to-noise-ratio (SNR). The higher the SNR, the better 
the resolution. Thus, these techniques are quite suitable for present 
day conpact ranges where the noise level is typically very lov. 
Specifically, ve are looking at the MUSIC algorithm (49). The MUSIC 
algorithm is an eigenvector based estimation technique. To use the 
algorithm, a covariance matrix is formed from the samples of the 
measured data. This measured data can be in the frequency domain or in 
the time domain. The eigenvectors and eigenvalues of this covariance 
matrix are then computed. The eigenvectors are separated into a set 
spanning the signal space and a set spanning the noise space. The down 
range (frequency domain data) or cross range (angle domain data) is then 
obtained by projecting a test vector onto the noise space. Vhen the 
time delay in the test vector equals the time delay for a scattering 
center in the sample data, the test vector is orthogonal to the noise 
subspace. This algorithm has been applied to a number of real vorld 
situations with great success. For example, in the case of a 10 H ogive, 
ve vere able to resolve the creeping vave term and the rear tip 
contribution for 40° look angle. The algorithm will be studied in core 
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detail to find the ntat of Maples repaired for • (Ivon nuabar of 
scat ter inf centers. The effect of bandwidth and SNt on the resolution 
capability will also be studied. The ultlaate goal of this study is to 
generate 3-dineasional i wages of a target using asasured data. 

4. Uaetrsasgaetie Scattering iaalysia 

a. Physical Optics Correction 

The physical optics (PO) solution used to calculate the scattered 
fields free a conducting body leads to incorrect scattered fields even 
in the specular region. The inaccuracy steas froa the fact that the 
surface currents used in the PO solution are incorrect near edges and at 
the shadow boundary of curved surfaces. In the case of edge structures, 
one can use the physical theory of diffraction (PTD) to correct the 
scattered fields. Ia the case of curved surfaces, the creeping wave 
tern is the correction. The creeping vave represents a nechacisa which 
propagates around the shadow boundary of the object. Thus, the 
erroneous tern originating at the shadow boundary should be renoved 
before adding the creeping wave ten. Ve have developed uatheaatical 
expressions for the erroneous ten. It has been found that for low 
observable targets, the erroneous ten is quite significant. An 
efficient act bod to coapute spurious end point contribution in PO 
solution has been developed. The method is applicable to general three- 
dimensional structures. The only intonation required to use the aethod 
is the radius of curvature of the body at the shadow boundary. Thua, 
the aethod is very efficient for nuaerical coaputations. The solution 
after removing the end point contribution is called the corrected PO 
solution. It has been shovn that the corrected PO solution gives a 


better approximation to the true scattered fields ia the specular 
region. Further, it has been shovn that the corrected PO can be used to 
compute the scattered fields fro* blended surfaces. In the case of 
blended surfaces, the radius of curvature and its first fev derivatives 
are continuous at the junction betveen the surfaces. 

b. Finite Difference Calculations 

Finite difference calculations have been investigated for three 
dimensional surfaces using a "March in Tine” approach developed by 
Bennett [31]. Results using this approach appears to be comparable to 
those generated by a conventional nonent net hod approach for 
electrically snail structures vhen tested using an ogive structure. The 
motivation for this approach is that it can readily calculate the 
scattered field frequency response for a structure and leads itself for 
vectoriz&ticn on a supercomputer such as a Cray. Calculations using the 
Cray computer have been performed. Presently, the effort is tovards 
plate structure to examine the edge wave scattering from corners. It is 
hoped to modify the technique into a hybrid to include GTD concepts to 
facilitate the calculation. 

c. Electromagnetic Studies 

The scattering from electrically large structures can originate 
from several mechanisms. Scattering from guided vaves is one mechanism 
class that has not received significant attention. A common structure 
to support a guided wave is a crack or groove along a surface. The 
analysis of the propagation constant for such a wave vas rigorously done 
by Shamansky [ 50 J . From a scattering viewpoint, it is not merely the 
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existence of th« plM nn but thm termination of tho crock froa which 
th« guided wave scatters. Meaaureaents were perforaed to verify tho 
analysis ia (50). Work it bow under progress to analytically study the 
full three-diaensioeal scattering froa cracks. 


1. A.K. Doainek, L. Peters* Jr. sad V.D. Burnside, "A 
Reflection Aasats for Surfaces with Electrically Saall 
Radii of Curvature, ■ IEEE Transact loos on Antennas aad 
Propagation, Vol. AP-35, No. 6, June 1987. 

Uniform reflection coefficients are developed for tvo-and 
three-diaensional, edge-like, perfectly conducting surfaces 
in the deep lit region. The uniforaity is with respect to 
the electrical size of the radii of curvature at the 
surface's specular point. This uniforaity allows one to 
physically Interpret the reflected field froa a snoot h 
surface as one of the radii of curvature approaches zero as a 
diffracted field. The coefficients are heuristically 
generated froa the exact scattered field for a two 
diaensioaal parabolic cylinder vith plane wave llluainatlon. 
The significant variables in this solution are the radii of 
curvature at the specular point and the distance between the 
specular point and the incident shadow boundaries in the 
principal planes. The field prediction accuracy of these 
reflection coefficients are critically examined through 
comparisons with reflected fields extracted froa scattered 
fields of canonical surfaces. 


2. I.J. Gupta, C.V.I. Pistorius and V.D. Burnside, "An 
Efficient Method to Coapute Spurious End Point 
Contributions in PO Solutions,” IEEE Transactions on 
Antennas and Propagation, Vol. AP-35, No. 12, Deceaber 
1987. 

A method is given to compute the spurious end point 
contributions in the physical optics (PO) solution for 
electroaagnetlc scattering froa conducting bodies. The 
method is applicable to general three-diaensional structures. 
The only information required to use tha method is the radius 
of curvature of the body at the shadow boundary. Thus, the 
method is very efficient for numerical computations. As an 
illustration, the method is applied to several bodies of 
revolution to compute the end point contributions for 
backseat tering in the case of axial incidence. It is shown 
that in high frequency situations, the end point 
contributions obtained using the method are equal to the true 
end point contributions. 
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3. I. Shaaansky and A. Dominek, "Compact Bang* Hcasureaents 
of a Travelling Wave," AMTA Syaposiua Digest, Seattle, 

VA, Septeaber, 1937. 

Many experimental and analytic studies on travelling 
waves have been perforaed in relation to their radiation 
properties for antenna applications. One coaaon structure 
that has supported a fast travelling wave is a slotted 
waveguide. Such structures can also support traveling waves 
froa a scattering viewpoint. This aspect was verified by 
incorporating a trough in ar. alaond test body to observe its 
scattering characteristics using aspect angle patterns, 
frequency spectra and transient signatures froa cob pact range 
aeasureaents at the ElectroScience Laboratory, OSU. The 
travelling wave behavior is also correlated to the calculated 
travelling wave propagation constant for this structure with 
good agreeaent. 


5. Antenna Studies 
a. Microstrip Antenna Analysis 

Our research in aicrostrip antennas has dealt vith developing 
efficient techniques for analyzing the radiation and scattering froa 
loaded rectangular aicrostrip antennas over a broad frequency range. A 
rectangular aicrostrip antenna is a rectangular aetallic patch printed 
on an electrically thin grounded dielectric substrate. Microstrip 
antennas are alaost always operated at first resonance, l.e., in a 
narrow frequency range where the length of the patch is about a half 
wavelength in the substrate aediua. For this reason, aost past vork on 
aicrostrip antennas has concentrated on their behavior near first 
resonance. By contrast, ve have been prinarily Interested in the 
scattering froa aicrostrip antennas. In the scattering problem one 
cannot assume the incident radar will be at a frequency near first 
resonance, and thus it is necessary to be able to analyze the microstrip 
antenna over a broad frequency range at and above first resonance. 
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In tbn previous reporting period , ve developed efficient 
techniques, sod associated computer codes, for analysing the scattering 
fro* a rectangular nicrostrip antenna over a broad frequency range. In 
brief the technique involves a Method of nonents solution of an integral 
equation for the current density on the nicrostrip patch (44). The 
accuracy of the netbod was verified by eonparison with Measured KCS 
results versus frequency over a 5 to 1 bandwidth. It vas found that the 
KCS of the nicrostrip patch consists of a nuaber of large but narrow 
peaks. The KCS at the peaks can be larger than the physical area of the 
patch. The first peak is centered around the resonant frequency of the 
lowest order node, however, there are other peaks centered around the 
resonant frequency of higher order nodes. 

One possible netbod for controlling the KCS of a nicrostrip antenna 
is through inpedance loading. To study this problea ve have added the 
ability to insert one or nore lunped loaded betveen the nicrostrip patch 
and the ground plane. The code has also been nodifled so that it can 
analyze the radiation problea. That is, it can coapute the input 
inpedance and radiation pattern of a loaded nicrostrip antenna over a 
broad frequency range. It Is found that resistive loading lovers the 
RCS and input inpedance level of the nicrostrip antenna. A thesis 
describing the aonent netbod solution for radiation and scattering froa 
loaded nicrostrip antennas is nov in preparation. 

b. Slotline Antenna Analysis 

A slotline or finline transmission is fonsed by a slit or aperture 
in a ground plane. If the slit is electrically thin, then a vave can 
propagate along the slit with essentially no radiation. A slotline 


48 



antenna is foraed by gradually increasing the width of the slit. When 
tha width is on tha order of a half wavelength or nore, significant 
rediation occurs froa the open end of the line. Slotline antennas are 
typically printed on a thin (ungrounded) dielectric substrate. An 
advantage of slotline antennas is that they have the potential for wide 
bandwidth if properly fed. Slotline antennas are also extrenely 
lightweight and aay also have low scattering cross section. Thus, they 
nay have application as a dish feed where it is desired to alnlnise feed 
blockage. 

To better understand the slotline antenna, we are developing 
techniques for its analysis. These techniques are slnilar to those used 
for the alcrostrip antenna described above. Basically we ar j employing 
a nethod of aoaents solution for the currents on the aetal plates 
printed on the dielectric substrate. The technique is sufficiently 
general to be able to treat various tapers (i.e., linear, exponential, 
etc.). At presat we have analysed the scattering froa a slotline 
antenna, and verified the results by comparison vith a conventional 
surface patch aethod of aoaents solution for plates in free space. The 
next step involves developing feed aodels for the slotline. When this 
is done ve will be able to coapute the input iapedance and radiation 
patterns of the slotline antenna. As stated above, ve will be 
considering different feeds, in order to find one which aaxinizes the 
bandwidth of the slotline antenna. We will also be looking at different 
tapers to see their effects on bandwidth and scattering cross section. 
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C. Ialmt Settttrlas 

An efficient hybrid procedure developed earlier [52], with 
the potential for analysing the electromagnetic (EM) scattering froa a 
class of realistic inlet configurations that can be aodeled by Joining 
piecewise separable waveguide sections was extended significantly under 
the NASA/ Langley contract. A detailed description of this inportant 
extension, which was also referred to in the previous annual report, can 
be found in a 1986 technical report prepared by The Ohio State 
University BlectroSdence Laboratory for NASA/ Langley [35). 

Specifically, this hybrid nethod eoebines the asynptotic high frequency 
techniques vith the nodal techniques, for determining in a a very slnple 
fashion, the reflection and transaission coefficient associated vith the 
junctions formed by the connection of the different plecevise separable 
waveguide sections coaprising the open inlet cavity. A detailed study 
of the use of the nodal fields and their nodal rays for performing the 
asynptotic high frequency part of this analysis on a variety of 
separable waveguide shapes vas completed through the support provided by 
NASA/Langley [35]. That work set the crucial foundation for developing 
the analysis and the codes, via other support, for predicting the 
scattering by 2-D and 3-D S-shaped rectangular inlet cavities vith and 
without absorber coating interior walls [53]. In addition, a 
geometrical optics ray approach vas also developed for predicting the 
scattering by a rectangular inlet vith absorber lined interior vails 
[54]. All the codes developed to date including those mentioned above, 
for predicting the scattering by inlet cavities, have been delivered 
along vith their user manuals to NASA/Langloy during the present period. 
Further work in the area of inlet scattering on the KASA/Langley 
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support is presently being limited to some experimental verification of 
many of the codes developed thus far. These experiments are currently 
being planned vith the inlet models presently available, and this work 
will continue into the next period. 

The codes specifically delivered to NASA/Langley are for 
predicting: 

(1) The EM scattering by perfectly-conducting rectangular and 
circular inlets with a simple planar impedance/dielectric 
termination. In the case of the circular inlet, a planar 
conducting blade structure vith a hub termination can also be 
accommodated (52]; 

(2) The EH scattering by a special NASA/Langley inlet model (35]; 

(3) The EM scattering by a rectangular inlet vith absorber lined 
interior lined vails (54]; and 

(4) The EM scattering by a 2-D S-shaped inlet vith absorber lined 
inner vails (53]. 

An extension of (4) to the 3-D case vill be sent shortly vhen it is 
completed. 

7. Antenna Cavity Scattering 

The hybrid procedure for analyzing the EM scattering by inlet 
cavities, vhich vas significantly extended under the NASA/Langley grant 
(35], appears to be potentially useful for the analysis of the 
scattering by regularly shaped antenna cavities as veil [55]. The type 
of antenna cavities treated in (55) consisted of rectangular snapes in a 
ground plane and the cavities could be loaded vith a dielectric 
material. This vork vhich provided a highly efficient and physically 
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tppwtliag analysis of tha 2-D rectangular antenna cavities now being 
extends* under NASA/Langley support to include the effects of sinple 2-D 
antennas with loading, and then subsequently to include 3-D cavities 
with loaded antenna arrays inside. 

First, the extension to analyse the radiation by siaple electric 

>» 

and magnetic 11m sources in the 2-0 analysis of tha dlclactrlc filled 
rectangular cavity has bean perforated during the present period. The 
solution for the radiation by sources in such a configuration retains 
the simplicity of the earlier solution obtained in [55] without the 
sources. It is noted that this relatively sinple and efficient nature 
of the solution thus obtained is important for use in applications; such 
slnpllcity is not present in the numerical nonent net hod solutions of 
this problea based on a node notching or integral equation type 
formulation. In a sense ve have obtalned 9 using the hybrid asymptotlc- 
aod&l procedure, a siaple approximate but accurate and efficient Green's 
function for the preblea; i.e., ve have obtained the radiation by line 
sources within a dielectric filled rectangular cavity in a ground plane. 
Many accuracy tests have been performed recently, and aore tests will be 
continued further for a variety of dielectric parameters, cavity 
diaensions, and different positions of the line sources. This solution 
will allow one to directly deal with slot or dipole type sources in the 
cavity. Presently, ve are extending this solution to include the 
effects of vaveguide fed slot antennas in the cavity vhen the cavity is 
excited by an external plane wave. The control of cavity scattering by 
loading the antennas vill also be studied in the near future. All of 
this work vill be extended later to deal with 3-D cavities for which the 
interior aodes can be veil defined. Furtherance, the dielectric filling 
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the entire cavity will also later be replaced by a planar dielectric 
radome or an FSS which does not fill the entire cavity to obtain sore 
versatile solutions. The ultin&te goal of this vork is to develop a 
code for predicting the scattering by antenna cavities and for 
controlling the scattering by such cavities by optimising the antenna 
loading. 

8. Propfan Blade Scattering 

Significant research has been done and is continuing to analyse the 
scattering froa pusher and puller propfan blades. The effort is tvo 
fold being both an experimental and theoretical study. The study so far 
has centered abound pusher blade applications but will follow into the 
puller blade applications. 

ECS measurements of planar and three dimensional blades have been 
performed on a specially designed pusher forebody to quantify the level 
of returns, the scattering mechanisms involved and the similarities and 
differences between planar and three dimensional blades. The majority 
of the measurements have been static but dynamic (rotating blades 
assemblies) measurements have also been performed. The dynamic 
measurements will provide an alternate approach to accurately measure 
the propfan RCS. 

RCS calculations of planar and three dimensional blades are 
presently being performed as a GTD based computer code is being 
developed. The code will be able to calculate the scattering from a 
single blade or blade assembly on a forebody structure. The description 
of the blades are analytically defined to facilitate the required 
computational requirements and graphical display of the blades 
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computational nqninwati and graphical display of the hladas geometry. 
The graphical display conveniently indicates the geometry of the blade, 
and its shadowing from and to other blades as well as the forebody. 

9. Miscellaneous Manser onsets 

a. Surface Govductivity 

KCS model measurements often have to be coated to provide a 
conductive surface. The conductive quality of these coatings can affect 
such measurements. A series of rectangular cross section inlets were 
built to measure the influence of conductive coatings on the RCS from a 
structure. This structure was chosen because an accurate CTD solution 
exists for both the structure and cavity scattering to provide a 
perfectly conducting reference solution. This structure provides an 
accurate indicator of the loss characteristics of the paint because the 
larger off axis angles involve aany modal reflections. The inlets vere 
fabricated from fiberglass and had an external surface coating of 
silver. The internal surfaces of the inlets vere coated with air 
sprayed paints or arc sprayed vith aetal. The metals exaained vere 
silver, copper, nickel and zinc. The silver paint vas superior and 
agreed very veil vith the calculation vith the nickel paint being the 
next best followed by the copper paint. The zinc are sprayed coating 
had a siailar performance as did the nickel air sprayed paint. 

b. Images 

A nev scheme to generate tvo-dinensional images of scattering 
centers vas reported in the last year's final report. This scheme has 
been expanded to produce three dinensional images as veil. This 
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technique entails the processing of down range, band liai ted impulse 
responses for tvo look angles in the horizontal plane for the horizontal 
cross range location of the scattering centers and for tvo look angles 
in the vertical plane for the vertical cross range location of the 
scattering centers. The tvo look angles illuainate the targets vith 
plane vaves at slightly different angles. The returns froa these tvo 
look angles are paired together and the cross range location of the 
scattering centers is obtained froa the relative dovnrange offset 
betveen the average dovnrange location and the individual returns. Sigh 
resolution techniques are also being applied to nlnialze the required 
bandvidth. 

c. Star body 

RCS aeasureaents were perforated on a nev forebody design for high 
speed aircraft. This forebody could be crudely represented by a cone 
vith fins radially expanding froa the tip to the base. Tvo versions 
vere tested vith one having the fins expanding in a plane containing the 
cone's axis and the other having the fins spiraling outvard. The 
scattering performance of either design vas less than desirable. The 
expanding fin structure at the tip of the c'me created a larger 
scattering center. The spiral fin feature of one design presented the 
existence of specular returns much earlier than the other design. 

d. Recent Publications 

1. A. Doainek, H. Shamansky, R. Burkholder, R. Wood, and V. 
Hodges, "A Method of Evaluating Conductive Coatings for 
RCS Models , n AMTA Syaposiun Digest, Seattle, VA, 
Septenber, 1987. 
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A novel nethod for evaluating conductive cettinfa Mod 
for radar cross section (ICS) scale eodels is presented. 

The eethod involves the BCS aeasursMot of a short circeited 
cavity whose Interior is coated with the Mterial under 
study. The dominant scattering froe such a structure occurs 
froa the cavity ria and surface vails internal to the cavity. 
The Mthod of conductivity testing has excellent sensitivity 
due to the energy that couples in and out of the cavity, 
this energy undergoes nany reflections with the interior 
vails and thus very snail losses can he detected. 

Calculations and neasureMots are shown for several different 
types of coatings* including coatings of silver* copper 
nickel and sine. 
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